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(54) SEMICONDUCTOR SUBSTRATE MANUFACTURING METHOD

(57) [Problem] To provide a semiconductor substrate
manufacturing method whereby a semiconductor sub-
strate can be obtained by slicing an epitaxially grown III
nitride semiconductor single crystal, while suppressing
generation of cracks. [Solution] According to one embod-
iment of the present invention, a semiconductor substrate
manufacturing method includes: a step for epitaxially
growing a columnar III nitride semiconductor single crys-
tal (2) on a main surface of a circular substrate (1); a step
for removing a cylindrical region (4) on the outer circum-

ferential side of the III nitride semiconductor single crystal
(2), and leaving a columnar region (3) on the inner side
of the cylindrical region (4) of the III nitride semiconductor
single crystal (2); and a step for slicing the columnar re-
gion (3) after removing the cylindrical region (4). The cy-
lindrical region (4) is removed such that the shape of the
III nitride semiconductor single crystal (2) is constantly
axisymmetrical with the center axis of the III nitride sem-
iconductor single crystal (2) as a symmetric axis.
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Description

[Technical Field]

[0001] The present invention relates to a method for
manufacturing a semiconductor substrate.

[Background Art]

[0002] A method of slicing a semiconductor substrate
from a semiconductor crystal that is epitaxially grown
thick on a seed crystal substrate by a method such as
HVPE (hydride vapor phase epitaxy) is known as one of
a method for manufacturing a group III nitride semicon-
ductor single crystal substrate representing a conven-
tional GaN (gallium nitride) substrate. Such a method
partly begins to be practically used.
[0003] However, in the method, when beginning to
slice the crystal grown on the seed crystal substrate, a
problem frequently arises that a crack occurs in the crys-
tal or the crystal is broken. The crack tends to occur ac-
cording as a dislocation density in the crystal or a defect
density such as a polarity reversed region lowers, or ac-
cording as a crystal property becomes uniform, or ac-
cording as a diameter of the crystal increases. Thus, it
is difficult to slice a superior large crystal (e.g. the diam-
eter is more than 50mm) without the crack.
[0004] To solve the problem, a technique is known in
which the crystal is cylindrically ground using a grinding
stone before the slicing (see e.g., PTL1). PTL1 states
that the crack in the crystal during slicing can be prevent-
ed by slicing the crystal after removing an outer peripheral
edge having a stain in the crystal.

[Prior Art Document]

[Patent Literature]

[0005] PTL1: JP-A-2013-60349

[Summary of Invention]

[Technical Problem]

[0006] However, even when using the technique dis-
closed in PTL 1, the cylindrical grinding may often cause
the crack in the crystal as soon as it is begun for removing
the outer peripheral edge.
[0007] It is an object of the invention to provide a meth-
od for manufacturing a semiconductor substrate that al-
lows the manufacture of a semiconductor substrate by
slicing the epitaxial grown group III nitride semiconductor
single crystal while preventing the occurrence of the
crack.

[Solution to Problem]

[0008] To achieve the object as described above, an

embodiment of the invention provides a method for man-
ufacturing semiconductor substrate set forth in [1] to [24]
below.
[0009]

[1] A method for manufacturing a semiconductor
substrate, comprising:

epitaxially growing a columnar group III nitride
semiconductor single crystal on a principal
plane of a circular substrate;
removing a hollow cylindrical region at an outer
peripheral edge side of the group III nitride sem-
iconductor single crystal to leave a solid colum-
nar region at an inside of the hollow cylindrical
region of the group III nitride semiconductor sin-
gle crystal; and
slicing the solid columnar region after removing
the hollow cylindrical region,
wherein the removing of the hollow cylindrical
region is carried out such that a shape of the
group III nitride semiconductor single crystal al-
ways keeps an axial symmetry that a central axis
of the semiconductor crystal is defined as a sym-
metry axis.

[2] The method according to [1] wherein the hollow
cylindrical region comprises a region that has a con-
centration of an impurity that is different from that in
the solid columnar region
[3] The method according to [1] or [2], wherein the
hollow cylindrical region comprises a region formed
by a crystal growth using a plane that has a different
orientation from an orientation in an upper surface
of the solid columnar region as a growth interface in
the epitaxial growth of the group III nitride semicon-
ductor single crystal.
[4] The method according to [1] or [2], wherein the
hollow cylindrical region comprises a facet plane
having a plane orientation different from that in the
upper surface of the hollow cylindrical region.
[5] The method according to [1] or [2], wherein the
removing of the hollow cylindrical region is carried
out such that a shape of the removed region is always
kept into a hollow cylindrical shape with a uniform
height.
[6] The method according to [1] or [2], wherein the
removing of the hollow cylindrical region is carried
out by grinding using a grindstone, ultrasonic
processing, electric discharge processing, etching,
or laser processing.
[7] The method according to [1] or [2], wherein the
group III nitride semiconductor single crystal is a gal-
lium nitride crystal.
[8] The method according to [1] or [2], wherein an
upper surface of the solid columnar region is a c-
plane of the group III nitride semiconductor single
crystal.
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[9] The method according to [2] wherein the group
III nitride semiconductor single crystal is a gallium
nitride crystal epitaxially grown by HVPE method,
and the impurity is oxygen.
[10] The method according to [1] or [2], wherein the
removing of the hollow cylindrical region is carried
out such that a region of the substrate just below the
hollow cylindrical region is not removed.
[11] The method according to claim [10], wherein the
principal plane of the substrate is ground after slicing
the solid columnar region such that the substrate is
reused as a seed crystal.
[12] A method for manufacturing a semiconductor
substrate, comprising:

epitaxially growing a columnar group III nitride
semiconductor single crystal on a principal
plane of a circular substrate;
forming a cylindrical cavity in the group III nitride
semiconductor single crystal to separate the
group III nitride semiconductor single crystal into
a hollow cylindrical region at an outer peripheral
edge side of the group III nitride semiconductor
single crystal and a solid columnar region at an
inside of the hollow cylindrical region of the
group III nitride semiconductor single crystal;
and
slicing the solid columnar region after separating
the group III nitride semiconductor single crystal
into the hollow cylindrical region and the solid
columnar region,
wherein the forming of the cavity is carried out
such that a shape of the group III nitride semi-
conductor single crystal always keeps an axial
symmetry that a central axis of the semiconduc-
tor crystal is defined as a symmetry axis.

[13] The method according to [12], wherein the hol-
low cylindrical region comprises a region that has a
concentration of an impurity that is different from that
in the solid columnar region.
[14] The method according to [12] or [13], wherein
the hollow cylindrical region comprises a region
formed by a crystal growth using a plane that has a
different orientation from an orientation in an upper
surface of the solid columnar region as a growth in-
terface in the epitaxial growth of the group III nitride
semiconductor single crystal.
[15] The method according to [12] or [13], wherein
the hollow cylindrical region comprises a facet plane
having a plane orientation different from that in the
upper surface of the hollow cylindrical region.
[16] The method according to [12] or [13], wherein
the removing of the hollow cylindrical region is car-
ried out such that a shape of the removed region is
always kept into a hollow cylindrical shape with a
uniform height.
[17] The method according to [12] or [13], wherein

the removing of the hollow cylindrical region is car-
ried out by drilling using a hole saw, grinding using
a grindstone, ultrasonic processing, electric dis-
charge processing, or laser processing.
[18] The method according to [12] or [13], wherein
the group III nitride semiconductor single crystal is
a gallium nitride crystal.
[19] The method according to [12] or [13], wherein
an upper surface of the solid columnar region is a c-
plane of the group III nitride semiconductor single
crystal.
[20] The method according to [13], wherein the group
III nitride semiconductor single crystal is a gallium
nitride crystal epitaxially grown by HVPE method,
and the impurity is oxygen
[21] The method according to [12] or [13], wherein
the hollow cylindrical region is removed before slic-
ing the solid columnar region.
[22] The method according to [12] or [13], wherein
the solid columnar region is sliced along with the
hollow cylindrical region while the hollow cylindrical
region remains around the solid columnar region.
[23] The method according to [12] or [13], wherein
the forming the cavity is carried out such that a region
of the substrate just below the hollow cylindrical re-
gion is not removed.
[24] The method according to [23], wherein the prin-
cipal plane of the substrate is ground after slicing the
solid columnar region such that the substrate is re-
used as a seed crystal.

[Advantageous Effects of Invention]

[0010] According to the invention, a method for man-
ufacturing a semiconductor substrate can be provided
that allows the manufacture of the semiconductor sub-
strate by slicing the epitaxial grown group III nitride sem-
iconductor single crystal while preventing growing the
crack.

[Brief Description of Drawings]

[0011]

[FIG.1A]
FIG.1A is a vertical cross sectional view showing
schematically a step for epitaxially growing a colum-
nar group III nitride semiconductor single crystal on
a substrate.
[FIG.1B]
FIG.1B is a vertical cross sectional view showing
schematically a step for epitaxially growing a colum-
nar group III nitride semiconductor single crystal on
a substrate.
[FIG.1C]
FIG.1C is a vertical cross sectional view showing
schematically a step for epitaxially growing a colum-
nar group III nitride semiconductor single crystal on
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a substrate.
[FIG.2]
FIG.2 is a top view showing a group III nitride sem-
iconductor single crystal epitaxially grown on a c-
plane substrate.
[FIG.3A]
FIG.3A is a vertical cross sectional view showing
schematically a step for removing a hollow cylindrical
region by grinding using a hollow cylindrical grind-
stone.
[FIG.3B]
FIG.3B is a vertical cross sectional view showing
schematically a step for removing a hollow cylindrical
region by grinding using a hollow cylindrical grind-
stone.
[FIG.4A]
FIG.4A is a vertical cross sectional view showing
schematically a step for removing a hollow cylindrical
region by electric discharging using a hollow cylin-
drical sinker electric discharge electrode.
[FIG.4B]
FIG.4B is a vertical cross sectional view showing
schematically a step for removing a hollow cylindrical
region by electric discharging using a hollow cylin-
drical sinker electric discharge electrode.
[FIG.5]
FIG.5 is a vertical cross sectional view showing a
situation that a hollow cylindrical region is removed
from the side of a grown group III nitride semicon-
ductor single crystal and a substrate region is left
just below the hollow cylindrical region.
[FIG.6]
FIG.6 is a vertical cross sectional view showing a
substrate on which a protective coat for removing a
hollow cylindrical region selectively by etching is
formed and a group III nitride semiconductor single
crystal.
[FIG.7A]
FIG.7A is a vertical cross sectional view showing
schematically a step for slicing a solid columnar re-
gion.
[FIG.7B]
FIG.7B is a vertical cross sectional view showing
schematically a step for slicing a solid columnar re-
gion.
[FIG.8A]
FIG.BA is a vertical cross sectional view showing
schematically a step for forming a cavity by using a
hole saw and separating a hollow cylindrical region
from a solid columnar region.
[FIG.8B]
FIG.8B is a vertical cross sectional view showing
schematically a step for forming a cavity by using a
hole saw and separating a hollow cylindrical region
from a solid columnar region.
[FIG.9]
FIG.9 is a vertical cross sectional view showing a
situation of a group III nitride semiconductor single

crystal after being separated from the solid columnar
region while remaining the hollow cylindrical region
on the substrate.
[FIG.10]
FIG.10 is a vertical cross sectional view showing
schematically a configuration of an HVPE growing
machine used for crystal growth of a GaN crystal.

[Description of Embodiment]

[First Embodiment]

[0012] It is conventionally known that a strain occurs
in a hollow cylindrical region at an outer peripheral edge
side of a columnar crystal epitaxial grown, and that when
slicing the crystal, a crack is caused by the strain. The
strain is caused by a difference in the concentration of
an impurity which is incorporated in the crystal in the epi-
taxial growing between the abovementioned hollow cy-
lindrical region and the inner region thereof.
[0013] As a result of researching a mechanism for
causing the crack earnestly, inventors have found that
an immediate cause is the unbalancing of strain distribu-
tion in the crystal caused by releasing locally the strain
in the hollow cylindrical region that is distributed in axial
symmetry in the slicing step, and that the occurrence of
the crack can be prevented by conducting the slicing step
so as to keep the symmetry of the strain distribution.
[0014] The present embodiment is intended to remove
the strain in the crystal before conducting the slicing step
on the basis of the findings mentioned above, wherein
the hollow cylindrical region described above is removed
from the crystal while keeping the balance of the strain
distribution and the slicing step is subsequently conduct-
ed. The details thereof will be described below.

(Growth of a group III nitride semiconductor single crys-
tal)

[0015] FIGS.1A, 1B, and 1C are vertical cross section-
al views showing schematically steps for epitaxially grow-
ing a columnar group III nitride semiconductor single
crystal 2 on a substrate 1. FIG.2 is a top view showing
the group III nitride semiconductor single crystal 2 epi-
taxially grown. The group III nitride semiconductor single
crystal 2 shown in FIGS.1A, 1B, 1C and FIG.2 is a GaN
crystal grown in a c-plane (Ga plane) as an example of
the group III nitride semiconductor single crystal 2.
[0016] First, as shown in FIG.1A, a circular substrate
1 for a seed crystal is provided. The substrate 1 is, for
example, a GaN (gallium nitride) substrate whose prin-
cipal plane 1p is a c-plane. The GaN substrate is suitable
for the seed crystal to grow the GaN crystal epitaxially.
[0017] Then, as shown in FIGS.1B and 1C, the group
III nitride semiconductor single crystal 2 grows epitaxially
on the principal plane 1p of the substrate 1. The group
III nitride semiconductor single crystal 2 grows so as to
form columnar in perpendicular to the principal plane 1p
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of the substrate 1. In this epitaxial growth, a growth in-
terface at the outer peripheral edge side of the group III
nitride semiconductor single crystal 2 includes a facet
plane 4p. Further, a crystal growth that the growth inter-
face is a specific crystal plane is called facet growth, and
the specific crystal plane is called a facet plane.
[0018] Herein, at a process described after, in the outer
peripheral edge side of the group III nitride semiconduc-
tor single crystal 2, a hollow cylindrical region removed
from the group III nitride semiconductor single crystal 2
defines a hollow cylindrical region 4. A central axis of the
hollow cylindrical region 4 is similar to a central axis of
the group III nitride semiconductor single crystal 2, and
an inner diameter of the hollow cylindrical region 4 is
even. And a solid columnar region arranged at inside of
the hollow cylindrical region 4 defines a solid columnar
region 3. The hollow cylindrical region 4 can set a hollow
cylindrical region whose upper surface includes the facet
plane 4p.
[0019] Plane directions of a plane 3p that is the upper
surface of the solid columnar region 3 and the facet plane
4p are different. For instance, as the substrate 1 is a GaN
substrate whose principal plane 1p is the c-plane and
the group III nitride semiconductor single crystal 2 is the
GaN crystal, the plane 3p of the solid columnar region 3
represents the c-plane. Also, planes 4n excepting the
facet plane 4p at the upper surface of the hollow cylin-
drical region 4 are configured by planes having different
orientations from the plane 3p of the solid columnar re-
gion 3.
[0020] The growth of the group III nitride semiconduc-
tor single crystal 2 is progressed while keeping mostly
the shape and size of the facet plane 4p and the plane 4n.
[0021] As previously described, the concentration of
impurities which is incorporated into a predetermined re-
gion of the crystal in epitaxial growth depends on an ori-
entation of the growth interface of the region in epitaxial
growth. Thus, a region formed by the crystal growth
whose growth interfaces are the facet plane 4p and the
plane 4n is different in the concentration of the impurities
incorporated in the epitaxial growth of the group III nitride
semiconductor single crystal 2 from a region formed by
the crystal growth whose growth interface is the plane 3p.
[0022] The hollow cylindrical region 4 includes entire
or substantially entire of the region formed by the crystal
growth whose growth interfaces are the facet plane 4p
and the plane 4n, and the solid columnar region 3 cor-
responds or substantially corresponds to the region
formed by the crystal growth whose growth interface is
the plane 3p. Accordingly, the impurity concentrations of
the hollow cylindrical region 4 and the solid columnar
region 3 are different.
[0023] It is preferable to use the HVPE (hydride vapor
phase epitaxy) method which can increase growth speed
as a method to grow the group III nitride semiconductor
single crystal 2. In using the HVPE method, the impurity
incorporated into the group III nitride semiconductor sin-
gle crystal 2 during the epitaxial growth and caused of

the strain is often oxygen caused by a quartz member
for using a furnace body.
[0024] Furthermore, the substrate 1 and the group III
nitride semiconductor single crystal 2 may be made of
same kind crystal (i.e. a GaN substrate and a GaN crys-
tal), may be made of different kind crystal (i.e. a sapphire
substrate and a GaN crystal). As the group III nitride sem-
iconductor single crystal 2 grows homoepitaxially on the
substrate 1 which is made of same kind crystal with the
group III nitride semiconductor single crystal 2, for in-
stance, it is preferable to use high uniformity and low-
dislocation density substrate made by the VAS (void-as-
sisted separation) method such as disclosed in Japanese
patent No. 3631724 as the substrate 1. As the group III
nitride semiconductor single crystal 2 is heteroepitaxially
grown on the substrate 1 which is made of different kind
crystal from the group III nitride semiconductor single
crystal 2, as thickness of the group III nitride semicon-
ductor single crystal 2 increases, the group III nitride sem-
iconductor single crystal 2 is easy to produce the crack.
However, the crack can be suppressed by growing the
crystal with intervening something of a strain relaxation
layer in the hetero interface. For example, applying the
technology shown in Japanese patent No. 3886341, it
can decrease a dislocation density and suppress the
crack caused by growth of thick film.
[0025] The distribution of the impurity concentration in
the group III nitride semiconductor single crystal 2 can
be confirmed easily as a contrast by observing emission
of the group III nitride semiconductor single crystal 2 ir-
radiated with excitation light such as ultraviolet light. Fur-
thermore, the strain in the group III nitride semiconductor
single crystal 2 can be detected by photo elasticity meas-
urement or Raman measurement.
[0026] The region formed by the crystal growth whose
growth interface are the facet plane 4p and the plane 4n,
thus the region having different impurity concentration in
the region formed by the crystal growth whose growth
interface is the plane 3p is often almost similar to a region
where the strain arises, however the region where the
strain arises is sometimes distributed larger than the re-
gion having different impurity concentration in the region
formed by the crystal growth whose growth interface is
the plane 3p. In this case, it is preferable to remove the
entire region where the strain arises, as obtaining strain
field needs to a dedicated equipment, there are problems
that a manufacturing process and a manufacturing cost
increase.
[0027] As long as the method to remove the hollow
cylindrical region 4 that is set as a hollow cylindrical re-
gion in which the upper surface includes the facet plane
4p that can observe visually, even not available to re-
move the entire region having the strain, the strain can
be removed even preventing forming the crack by slicing.
Thus it can be suppressed to form the crack with short
time and low costs.
[0028] Furthermore, even a hollow cylindrical region
whose value is smallest, which satisfies "a hollow cylin-
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drical region whose upper surface includes the facet
plane 4p in the group III nitride semiconductor single crys-
tal 2" is set as the hollow cylindrical region 4, the hollow
cylindrical region 4 includes all or almost all region having
the strain. Thus, even in this case, all or almost all region
having the strain can be removed by removing the hollow
cylindrical region 4 from the group III nitride semiconduc-
tor single crystal 2.
[0029] Also, as the thickness of the hollow cylindrical
region 4 increases and the hollow cylindrical region 4
includes by a region whose orientation at the upper sur-
face is equal to the plane 3p in the solid columnar region
3, the region having the strain can be removed certainly.
However, according as the thickness of the hollow cylin-
drical region 4 increases, the diameter of the solid co-
lumnar region 3 decreases and, therefore, a diameter of
the semiconductor substrate obtained from the solid co-
lumnar region 3 decreases.
[0030] As shown in FIG.2, as the group III nitride sem-
iconductor single crystal 2 is a GaN crystal whose plane
3p is the c-plane, the facet plane 4p is a (1-10X) plane
(X is natural number), and appears at six-fold symmetri-
cal position whose axis is the central axis of the group III
nitride semiconductor single crystal 2 in the outer periph-
eral edge side of the upper surface of the group III nitride
semiconductor single crystal 2. Further, cross sections
shown in FIG.1B and FIG.1C are suitable for a cross
section which cut the substrate 1 and the group III nitride
semiconductor single crystal 2 along with the A-A line.
[0031] The c-plane of the GaN crystal is the densest
plane, and a region which the c-plane becomes the
growth interface is characterized substantially poor in-
corporation of impurities such as oxygen compared with
a region whose growth interface has the other orientation.
[0032] Also, as the HVPE method use generally a fur-
nace member made of a quartz member with heating
more than 1000 °C, silicon and oxygen which are pro-
duced by resolving the quartz are easy to incorporate in
the group III nitride semiconductor single crystal 2 as
impurity. Here, as the silicon has low dependency for the
orientation of the growth interface in the group III nitride
semiconductor single crystal 2 and uniformly incorpo-
rates as a whole, the silicon is often applied for a dopant
to control an electric conductivity of the GaN crystal. Thus
the distribution of the strain in the group III nitride semi-
conductor single crystal 2 caused by the silicon is not
non-uniform, the background concentration in the silicon
crystal as the impurity seldom occurs.
[0033] In the GaN crystal which is grown in c-plane
using the HVPE method, depending on the growth con-
dition, commonly, incorporates oxygen about 1016 to
1017 cm-3. However, in the region growing by the other
growth interface excepting c-plane (the facet plane 4p
and the plane 4n), incorporated is oxygen that the oxygen
concentration is about 1018 to 1019 cm-3, which is ten to
hundred as much as oxygen incorporated in the GaN
crystal whose growth interface is the c-plane. As a result,
the one GaN crystal has low oxygen concentration region

and high oxygen concentration region and strain filed ap-
pears in the outer peripheral edge side of the crystal.

(Removal of the hollow cylindrical region)

[0034] As described above, the strain in the group III
nitride semiconductor single crystal 2 is caused by the
distribution of the impurity concentration, the strain is dis-
tributed cylindrically in the outer peripheral edge side of
the group III nitride semiconductor single crystal 2, and
it is balanced totally. However, in order to process the
group III nitride semiconductor single crystal 2 including
the strain, when cutting or removing a part of the outer
periphery of the group III nitride semiconductor single
crystal 2, a part of the strain is released locally and a
balance of the strain in the group III nitride semiconductor
single crystal may be unbalanced and may form the
crack.
[0035] Due to this, the removal of the hollow cylindrical
region 4 is needed to be carried out such that a shape
of the group III nitride semiconductor single crystal 2 al-
ways keeps an axial symmetry that a central axis of the
semiconductor crystal is defined as a symmetrical axis
so as not to break the balance of the strain in the group
III nitride semiconductor single crystal 2 in removing the
hollow cylindrical region 4 from the group III nitride sem-
iconductor single crystal 2. Herein, the axial symmetry is
the same meaning of the rotational symmetry in n th sym-
metry (n is an arbitrary integer). In this case, removing
the hollow cylindrical region 4 is progressed in the direc-
tion linear to the growth direction of the group III nitride
semiconductor single crystal (the vertical direction of the
principal plane 1p of the substrate 1).
[0036] For example, in case of removing the hollow
cylindrical region 4 by grinding using a hollow cylindrical
grindstone described below, ultrasonic processing using
a hollow cylindrical ultrasonic processing tool, electric
discharge processing using a hollow cylindrical sinker
electric discharge electrode, or laser processing, remov-
ing the hollow cylindrical region 4 is applied such that a
shape of the removed region is always kept into a hollow
cylindrical shape with a uniform height.
[0037] A specific example of the method of removing
the hollow cylindrical region will be described below.
[0038] FIGS.3A and 3B are vertical cross sectional
views showing schematically the step for removing the
hollow cylindrical region 4 by grinding using a hollow cy-
lindrical grind stone 10.
[0039] The hollow cylindrical grindstone 10 has an
abrasive grain forming part 11 on an edge (bottom) of
the grindstone 10. The hollow cylindrical region 4 is re-
moved slowly by contacting the grindstone 10 to the
group III nitride semiconductor single crystal 2 from an
upper side with rotating the abrasive grain with adjusting
a rotational axis with the central axis of the group III nitride
semiconductor single crystal 2. According to this method,
the hollow cylindrical region 4 can be removed such that
the shape of the removed region is always kept into the

9 10 



EP 3 101 160 A1

7

5

10

15

20

25

30

35

40

45

50

55

hollow cylindrical shape with uniform height. Moreover,
a loose abrasive mixed in liquid can be used as the abra-
sive grain.
[0040] FIGS.4A and 4B are the vertical cross sectional
view showing schematically the step for removing a hol-
low cylindrical region 4 by electric discharge processing
using a hollow cylindrical sinker electric discharge elec-
trode 20.
[0041] The hollow cylindrical region 4 is removed slow-
ly by rotating the hollow cylindrical sinker electric dis-
charge electrode 20 with adjusting its rotational axis with
the central axis of the group III nitride semiconductor sin-
gle crystal 2, electric discharge processing between the
sinker electric discharge electrode 20 and the group III
nitride semiconductor single crystal 2, and contacting the
sinker electric discharge electrode to the group III nitride
semiconductor single crystal 2 from upper side. Accord-
ing to this method, the hollow cylindrical region 4 can be
removed such that the shape of the removed region is
always kept into the hollow cylindrical shape with inform
height.
[0042] Apart from that, the hollow cylindrical region 4
can be removed such that the shape of the removed re-
gion is always kept into the hollow cylindrical shape with
uniform height using a cylindrical ultrasonic processing
tool, or laser processing.
[0043] FIGS.3A, 3B, 4A, and 4B show an example of
removing the hollow cylindrical region 4 from the upper
side of the group III nitride semiconductor single crystal
2, the hollow cylindrical region 4 may be removed from
the side of the substrate 1. However, in this case, as a
region of the substrate 1 just below the hollow cylindrical
region 4 is also removed, the hollow cylindrical region 4
is needed to be removed from the side of the group III
nitride semiconductor single crystal 2 for reusing the sub-
strate 1 as the seed crystal.
[0044] FIG.5 is a vertical cross sectional view showing
a situation that a hollow cylindrical region 4 is removed
from the side of a grown group III nitride semiconductor
single crystal 2 and a region on the substrate 1 just below
the hollow cylindrical region 4 is left. This substrate 1 can
be reused as the seed crystal with forming semiconductor
substrates by slicing the solid columnar region 3 of the
remaining group III nitride semiconductor single crystal
2 and then grinding the principal plane 1p.
[0045] FIG.6 is a vertical cross sectional view showing
a substrate 1 on which a protective coat 30 for removing
the hollow cylindrical region 4 selectively by etching is
formed and a group III nitride semiconductor single crys-
tal 2.
[0046] First, a protective film 30 made of SiO2 etc. cov-
ers on the plane 3p of the solid columnar region 3 where
does not intend to remove, and a region corresponding
to the solid columnar region 3 on the opposite surface
1b to the group III nitride semiconductor single crystal 2.
Then the hollow cylindrical region 4 is removed by gas
phase etching or wet etching. As the gas phase etching,
for example, reactive ion etching using BCl (boron trichlo-

ride) gas can be applied. Also as the wet etching, an
etching can be used which uses hot phosphoric acid sul-
furic acid etchant. By controlling properly condition of the
etching, the hollow cylindrical region 4 can be removed
such that the shape of the removed region is always kept
into the hollow cylindrical shape with uniform height.

(Slicing of the solid columnar region)

[0047] Next, the solid columnar region 3 remaining by
the removing of the hollow cylindrical region 4 is sliced.
[0048] FIGS.7A and 7B are vertical cross sectional
views showing schematically the step for slicing the solid
columnar region 3. Herein, the dot-line shows the point
of slicing the solid columnar region 3. Existing slicing
technologies such as an inner peripheral blade slicer, an
outer peripheral blade slicer, wire saw, or electric dis-
charge machine can be used for slicing the solid colum-
nar region 3.
[0049] After slicing the solid columnar region 3, the ob-
tained circular semiconductor substrate 5 is beveled
along an outer peripheral edge of the circular semicon-
ductor substrate 5, and the front and rear surfaces of the
circular semiconductor substrate 5 are ground.
[0050] As is clear from the manufacturing process of
the semiconductor substrate 5 described above, the di-
ameter of the semiconductor substrate 5 is smaller than
the diameter of the substrate 1. Thus it is preferable to
determine the diameter of the substrate 1 while consid-
ering the diameter of the semiconductor substrate 5
needed and the size of the hollow cylindrical region 4 to
remove. Moreover, the diameter of the group III nitride
semiconductor single crystal 2 may be reduced by a size
smaller than the diameter of the substrate 1 so as to
prevent the adhesion of the group III nitride semiconduc-
tor single crystal 2 and a growth jig.

[Second embodiment]

[0051] The second embodiment is different from the
first embodiment in a means for removing the strain in
the group III nitride semiconductor single crystal. Mean-
while, the explanation of the same as in the first embod-
iment is omitted or simplified below.

(Separating of the hollow cylindrical region)

[0052] In the present embodiment, the hollow cylindri-
cal region 4 is a region which is separated from the solid
columnar region 3 before slicing the solid columnar re-
gion 3. By separating the hollow cylindrical region 4 from
the solid columnar region 3, as in the case of removing
the hollow cylindrical region 4, it is possible to prevent
the occurrence of the crack during the slicing of the solid
columnar region 3.
[0053] The separating of the solid columnar region 3
and the hollow cylindrical region 4 is carried out by form-
ing in the group III nitride semiconductor single crystal 2
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a cylindrical cavity having a central axis which is similar
to a central axis of the group III nitride semiconductor
single crystal 2. The cavity is preferably formed in a region
which passes through a border of the facet plane 4p and
the plane 3p or inside of the facet plane 4p so as not to
remain a region having high impurity concentration which
causes the strain.
[0054] As in the case of removing the hollow cylindrical
region 4 from the group III nitride semiconductor single
crystal 2 in the first embodiment, the forming of the cavity
is needed to be carried out such that a shape of the group
III nitride semiconductor single crystal 2 always keeps
an axial symmetry that the central axis of the group III
nitride semiconductor single crystal 2 is defined as the
symmetrical axis so as not to break the balance of the
strain in the group III nitride semiconductor single crystal
2 as removing the hollow cylindrical region 4 from the
solid columnar region 3. In this case, the forming of the
cavity is progressed in the direction of linear to the growth
direction of the group III nitride semiconductor single
crystal 2 (the vertical direction to the principal plane 1p
in the substrate 1).
[0055] For example, when forming the cavity by drilling
using a hole saw, grinding using a hollow cylindrical grind-
stone, an ultrasonic processing using a hollow cylindrical
tool, an electric discharge processing using a hollow cy-
lindrical sinker electric discharge electrode, or laser
processing, which are described later, it is more prefer-
able to form the cavity such that the shape of the cavity
is always kept into the hollow cylindrical shape with a
uniform height.
[0056] A specific example of the method of separating
the hollow cylindrical region 4 will be described below.
[0057] F’IGS.8A and 8B are vertical cross sectional
views showing schematically the step for forming a cavity
by using a hole saw 40 and separating the hollow cylin-
drical region 4 from the solid columnar region 3.
[0058] The hole saw 40 has a blade 41 on an edge
(bottom) thereof. As the hole saw 40 is rotated adjusting
its rotational axis with the central axis of the group III
nitride semiconductor single crystal 2, the cavity is
formed slowly while contacting the hole saw 40 with the
group III nitride semiconductor single crystal 2. According
to the method, the cavity can be formed such that the
shape of the cavity is always kept into the hollow cylin-
drical shape with a uniform height.
[0059] FIG.9 is a vertical cross sectional view showing
a situation of the group III nitride semiconductor single
crystal 2 after separating the hollow cylindrical region 4
from the solid columnar region 3. The hollow cylindrical
region 4 is separated from the solid columnar region 3
through the cavity 6.
[0060] The cavity 6 can be formed by, other than using
the hole saw 40, for example, grinding using a hollow
cylindrical grindstone whose thickness is close to the hole
saw 40, ultrasonic processing using a hollow cylindrical
tool whose thickness is close to the hole saw 40, electric
discharge processing using a hollow cylindrical electric

discharge electrode whose thickness is close to the hole
saw 40, or laser processing.
[0061] After separating the hollow cylindrical region 4
from the solid columnar region 3, the solid columnar re-
gion 3 is sliced after removing the hollow cylindrical re-
gion 4 from the substrate 1. Also, the solid columnar re-
gion 3 can be sliced with the hollow cylindrical region 4
while remaining the hollow cylindrical region 4 surround-
ing the solid columnar region 3. In this case, although
the hollow cylindrical region 4 is broken, the solid colum-
nar region 3 should not be broken.
[0062] Also, when reusing the substrate 1 as the seed
crystal, as shown in FIGS.8A, 8B, and FIG.9, the cavity
6 is formed from the side of the group III nitride semicon-
ductor single crystal 2 so as to remain a region on the
substrateljust below the cavity 6 without removing. Then,
after forming the semiconductor substrate by slicing the
solid columnar region 3 in the group III nitride semicon-
ductor single crystal 2, the principal plane 1p is polished
and the substrate 1 is reused as the seed crystal.

(Functions and advantageous effects of the embodi-
ment)

[0063] According to the first and second embodiments
described above, the strain in the group III nitride semi-
conductor single crystal epitaxially grown can be re-
moved while preventing the occurrence of the crack,
whereby the semiconductor substrate can be obtained
by slicing the group III nitride semiconductor single crys-
tal without forming the crack.
[0064] Also, as the slicing is carried out after removing
the strain in the group III nitride semiconductor single
crystal, the strain remaining in the obtained semiconduc-
tor substrate can be reduced drastically and a warp of
the semiconductor substrate can be reduced. Also, as
the warp is reduced, the dispersion of the crystal orien-
tation of the surface of the semiconductor substrate is
reduced, and the characteristics dispersion of the device
manufactured by the semiconductor substrate can be re-
duced. Also as the strain remaining in the semiconductor
substrate is reduced, when manufacturing the device us-
ing the semiconductor substrate, the occurrence of any
defect such as break or lack in the semiconductor device
can be prevented.
[0065] Besides, the first and second embodiments are
especially effective in manufacturing the group III nitride
single crystal substrate, especially the GaN substrate
whose principal plane is the c-plane. As a region whose
growth interface is the c-plane in which an arrangement
of atoms is dense is hard to incorporate the impurity at-
oms as compared with a region whose growth interface
is the other plane. This is because, in the c-plane grown
GaN crystal, the difference of impurity concentration be-
tween the region in the outer peripheral edge side that
the facet plane is likely to appear and the inner region
thereof tends to increase, so that a large strain is likely
to accumulate.
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[0066] Also, the crystal is likely to break according as
the caliber increases, the defect density lowers or the
crystalline property becomes uniform. This is because
there is less defect region such as a dislocation or inver-
sion domain, which has a property of absorbing or relax-
ing the strain. Thus, the first and second embodiments
are especially effective in manufacturing the semicon-
ductor substrate which has a large diameter (for example,
a diameter more than 50 mm), less pit or inversion do-
main, and a low dislocation density (for example, less
than 107 cm-2).
[0067] Although the first embodiment, as the specific
example is explained about the GaN crystal with c-plane
growth, if there is a difference between the impurity con-
centrations in the outer peripheral edge side region and
in the inner region thereof in the GaN crystal, it is also
effective in the case that the GaN crystal is grown in the
different direction than the c-plane. Also, a crystal other
than the GaN crystal, such as AIN, AlGaN, InGaN, AlIn-
GaN or a crystal having a laminated structure thereof
may be used for manufacturing the semiconductor sub-
strate. Also, the growth orientation of the group III nitride
semiconductor single crystal may have an off angle.

[Examples]

[0068] Examples of semiconductor substrates manu-
factured based on the embodiments will be described
below as well as evaluations thereof.
[0069] In the present Examples, as the group III nitride
semiconductor single crystal 2 in the embodiment de-
scribed above, the GaN crystal is epitaxially grown using
the HVPE method. First, a step for growing the GaN crys-
tal using the HVPE method will be explained.
[0070] FIG.10 is a vertical cross sectional view show-
ing schematically a configuration of an HVPE growing
machine using for crystal growth of the GaN crystal. The
HVPE growing machine 50 comprises a heater that has
two zones of a raw material heater 51 heating to about
800 ° C in the crystal growth and a crystal growth region
heater 52 heating to about 1000°C, and a reaction tube
53 made of quartz interposed in the heater.
[0071] An introducing pipe for material gas is arranged
at an upstream side of the quartz reaction tube 53. Am-
monia gas which is a source of group V material is intro-
duced into a furnace through an ammonia gas introduc-
ing pipe 57. Metallic gallium 56 which is a source of group
III material is detained in a quartz boat, and mounted in
a region where the gallium material heating heater 51.
As the crystal grows, hydrochloric acid gas is flown into
the boat through a quartz hydrochloric acid gas introduc-
ing pipe 58. Then gallium chloride gas is generated by
the reaction of the metallic gallium 56 and the hydrochlo-
ric acid gas, and is sent to the surface of the substrate 1
through a pipe. The gallium chloride and the ammonia
reaction on the surface of the substrate 1 heated, and
the GaN crystal is grown. For the inside of the furnace,
doping gas can be flown through a doping gas introducing

pipe 59. The substrate 1 which becomes the base of crys-
tal growing is fixed by a substrate folder 54 supported by
a rotational axis 55, and is rotated during the crystal
growth. Gas introduced into the reaction pipe is led to
detoxicating equipment through a downstream exhaust
pipe 80. Then the gas is exhausted to atmosphere after
the detoxification.

(Example 1)

[0072] A GaN crystal is grown on a GaN substrate as
the substrate 1 which is made by the VAS method, and
has a c-plane as the principal plane and a diameter of
62 mm, by using the HVPE growing machine 50. The
conditions of gas flow rate in the HVPE growth are 900
sccm for hydrogen gas as career gas, 8100 sccm for
nitrogen gas, gas 180 sccm for gallium chloride, 500 sc-
cm for ammonium gas. Growth pressure is 100 kPa, a
substrate temperature during the growth is 1070 °C, and
growth time is 15 hours. The substrate 1 is rotated by 5
rpm during the growth, and is doped with silicon by about
1018 cm-3 by supplying dichlorosilane as a doping mate-
rial gas toward a substrate region. Consequently, a sili-
con doped GaN crystal with a thickness of about 4.5 mm
is grown on the substrate 1.
[0073] When a fluorescence image is observed by ir-
radiating ultraviolet rays from a mercury lamp toward a
surface of thus obtained GaN crystal, a dark ring region
with a width of about 3 mm is observed at an outer pe-
ripheral edge of the crystal. Also, when the crystal is
measured by photo elasticity, a region is observed which
has high strain at the outer peripheral edge of the crystal
corresponding to the dark region observed by the fluo-
rescence image.
[0074] Next, using the hollow cylindrical grindstone 10
shown in FIGS.3A, 3B, the hollow cylindrical region 4 in
the GaN crystal is ground slowly, and the solid columnar
region 3 with a diameter of 56 mm is thus left. Next, by
slicing the solid columnar region 3 of the GaN crystal
using the wire saw, five GaN free-standing substrates
with a thickness of 630 mm are obtained. Then, the outer
peripheral edge of the obtained GaN free-standing sub-
strates is beveled and formed such that they have a di-
ameter of 50.8 mm After forming an orientation flat and
an index flat on the substrate, the front and rear surfaces
of the substrate are mirror polished such that the thick-
ness of the substrates is 400 to 450 mm.
[0075] During the above processing, any defect such
as crack or chipping is not caused in the GaN crystal.
Also, the warps (BOW) of the substrates are all within 10
mm. When a dislocation density of one of the obtained
GaN free-standing substrate is counted using the cath-
ode luminescence method, 6.23105 cm-2 in averages in
the plane is obtained. When a dispersion in inclination of
the c-plane in the surface of the substrate is measured
using the X-ray diffraction method, it falls within 60.05 °
in the plane for all of the substrates.
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(Comparative Example)

[0076] When the GaN crystal grown by the similar
method to Example 1 is sliced without removing the hol-
low cylindrical region 4 by using wire saw, the GaN crystal
is broken into two with the crack occurred upon making
a cut by wire. Thus, the test process cannot be continued.

(Example 2)

[0077] An undoped GaN layer is grown by 400 nm on
a single crystal sapphire substrate which has a c-plane
as the principal plane and a diameter of 58 mm, by using
the MOCVD method where tri-methyl-gallium and am-
monia are used as source materials. Then a titanium met-
al film is deposited by 20 nm thereon. This substrate as
the substrate 1 is put in the HVPE growing machine 50.
By thermally treating it in flow of ammonia gas mixed with
20% hydrogen gas at 1050°C for 30 minutes, the titanium
metal film on the surface of the substrate 1 is changed
into a mesh-like titanium nitride film and a number of mi-
croscopic voids are simultaneously generated on the
GaN layer. Next, a silicon doped GaN crystal is grown
by 7 mm in thickness by using dichlorosilane as dopant
while suppling ammonia and gallium chloride onto the
substrate 1 in the HVPE growing machine 50. In the crys-
tal growth, hydrogen and nitrogen mixed gas is used as
career gas and the GaN crystal is embedded in the void
of the substrate 1 by optimizing the composition ratio of
the gas is adjusted so as not to peel off the GaN crystal
from the substrate 1 during the growth.
[0078] According to the fluorescence image obtained
by irradiating ultraviolet rays from a mercury lamp toward
a surface of thus obtained GaN crystal, a dark ring region
with a width of about 3 mm is observed at an outer pe-
ripheral edge of the crystal.
[0079] Next, the GaN crystal is separated into the solid
columnar region 3 with a diameter of 52 mm and the
hollow cylindrical region 4 using a cylindrical grinding
stone whose shape is close to the hole saw 8 shown in
FIG.8A, 8B. Next, by slicing the solid columnar region 3
of the GaN crystal using the wire saw, eight GaN free-
standing substrates with a thickness of 650 mm are ob-
tained. Then, by beveling the outer peripheral edge of
the obtained GaN free-standing substrates, the GaN
free-standing substrates are formed such that they have
a diameter of 50.0 mm. After forming the orientation flat
and index flat on the substrate, the front and rear surfaces
of the substrate are mirror polished such that the thick-
ness of the substrates is 400 to 450 mm. During the
processing described above, any defect such as crack
or chipping is not caused in the GaN crystal.

(Example 3)

[0080] A GaN off substrate which the principal plane
inclined at 2 ° from the c-plane forward the m-axis defines
the substrate 1, a GaN crystal having inclined crystal ori-

entation is grown as with the method according to the
Example 1. Next, the obtained GaN crystal is separated
into the solid columnar region 3 with a diameter of 56 mm
and the hollow cylindrical region 4 by ultrasonic process-
ing using the ultrasonic machine. The ultrasonic process-
ing is carried out slowly with supplying diamond slurry
using a hollow cylindrical cutter whose shape is close to
the hole saw 8 shown in FIG.8A, 8B. Next, by slicing the
solid columnar region 3 of the GaN crystal using the wire
saw, five GaN free-standing substrates with a thickness
of 630 mm are obtained. Then, by beveling the outer pe-
ripheral edge of the obtained GaN free-standing sub-
strates, the GaN free-standing substrates are formed
such that they are 50.8 mm in diameter. After forming
the orientation flat and index flat on the substrate, the
front and rear surfaces of the substrate are mirror pol-
ished such that the thickness of the substrate is 400 to
450 mm.
[0081] During the above processing, any defect such
as crack or chipping is not caused in the GaN crystal.
Also, when a c-plane off angle and a dispersion of the c-
plane off angle in the plane of the obtained GaN free-
standing substrates are measured using X-ray diffraction
method, they fall within 2 6 0.05 ° in the plane for all of
the substrates.

(Example 4)

[0082] By the similar method to Example 1, using as
the substrate 1 the GaN substrate which is made by the
VAS method, whose principal plane is the c-plane and
whose diameter is 62 mm, the silicone doped GaN crystal
is grown about 3 mm thick thereon using the HVPE meth-
od.
[0083] Next, the hollow cylindrical region 4 of the ob-
tained GaN crystal is removed slowly by the laser
processing using the laser processor such that the solid
columnar region 3 with a diameter of 55 mm remains.
The laser processing is carried out in single mode with
a wave length of 532 nm, and at a maximum power of
5w. The hollow cylindrical region 4 is removed by irradi-
ating the laser on the surface of the GaN substrate and
rotating it many times at a speed of 10 mm/sec. Next, by
slicing the solid columnar region 3 of the GaN crystal
using the wire electric discharge processor, three GaN
free-standing substrates with a thickness of 680 mm are
obtained. Then, by beveling the outer peripheral edge of
the obtained GaN free-standing substrates, the GaN
free-standing substrates are formed such that they have
a diameter of 50.0 mm. After forming the orientation flat
and index flat on the substrate, the front and rear surfaces
of the substrate are mirror polished such that the thick-
ness of the substrates is 400 to 450 mm. During the above
processing, any defect such as crack or chipping is not
caused in the GaN crystal.
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(Example 5)

[0084] By the similar method to Example 1, using as
the substrate 1 the GaN substrate which is made by the
VAS method, whose principal plane is the c-plane and
whose diameter is 62 mm, the silicone doped GaN crystal
is grown about 4 mm thick thereon using the HVPE meth-
od.
[0085] Next, using the hollow cylindrical sinker electric
discharge electrode 20 shown in FIGS.4A, 4B, the hollow
cylindrical region 4 in the GaN crystal is removed slowly
such that the solid columnar region 3 with a diameter of
56 mm remains. Then, by slicing the solid columnar re-
gion 3 of the GaN crystal using the wire electric discharge
processor, five GaN free-standing substrates with a thick-
ness of 630 mm are obtained. Then, by beveling the outer
peripheral edge of the obtained GaN free-standing sub-
strates, the GaN free-standing substrates are formed
such that they have a diameter of 50.8 mm. After forming
the orientation flat and index flat on the substrate, the
front and rear surfaces of the substrate are mirror pol-
ished such that the thickness of the substrates is 400 to
450 mm. During the above processing, any defect such
as crack or chipping is not caused in the GaN crystal.

(Example 6)

[0086] By the similar method to Example 1, using as
the substrate 1 the GaN substrate which is made by the
VAS method, whose principal plane is the c-plane and
whose diameter is 62 mm, the silicone doped GaN crystal
is grown about 3 mm thick thereon using the HVPE meth-
od.
[0087] Next, the protection film 30 shown in FIG.6 is
formed on the front surface of the obtained GaN crystal
and the rear surface of the substrate 1. The protection
film 30 is a film which is made of SiO2, and whose diam-
eter is 58 mm. After forming the protection film 30, the
GaN crystal covered with the protection film 30 is soaked
in the mixed liquid including phosphate and sulfuric acid
that is heated by 230 ° C in 12 hours. Thereby, the hollow
cylindrical region 4 with the front surface and rear surface
not covered by the protection film 30 is removed by etch-
ing from the side of the rear surface (N-surface). After
etching the GaN crystal, the protection film 30 is removed
by soaking the GaN crystal in a dilute hydrofluoric acid.
Thus, the solid columnar region 3 with a diameter of 56
mm is obtained (the diameter of the solid columnar region
3 reduced by a size smaller than the diameter of the pro-
tection film 3).
[0088] Next, by slicing the solid columnar region 3 of
the GaN crystal using the wire saw, three GaN free-stand-
ing substrates with a thickness of 630 mm are obtained.
Then, by beveling the outer peripheral edge of the ob-
tained GaN free-standing substrates, the GaN free-
standing substrates are formed such that they have a
diameter of 50.8 mm. After forming the orientation flat
and index flat on the substrate, the front and rear surfaces

of the substrate are mirror polished such that the thick-
ness of the substrate is 400 to 450 mm.

(Example 7)

[0089] By the similar method to Example 1, using as
the substrate 1 the GaN substrate which is made by the
VAS method, whose principal plane is the c-plane and
whose diameter is 62 mm, the silicone doped GaN crystal
is grown about 4 mm thick thereon using the HVPE meth-
od.
[0090] Next, using the sinker electric discharge elec-
trode 20 having cylindrical shape shown in FIGS.4A, 4B,
the hollow cylindrical region 4 in the GaN crystal is re-
moved slowly such that the solid columnar region 3 with
a diameter of 56mm remains. Here, the substrate 1 is
not processed by the electric discharging processor, as
in the substrate 1 shown in FIG.5, the region just below
the hollow cylindrical region 4 is left.
[0091] Next, by slicing the solid columnar region 3 of
the GaN crystal using the wire electric discharge proc-
essor, five GaN free-standing substrates with a thickness
of 630 mm are obtained. Then, by beveling the outer pe-
ripheral edge of the obtained GaN free-standing sub-
strates, the GaN free-standing substrates are formed
such that they have a diameter of 50.8 mm. After forming
the orientation flat and index flat on the substrate, the
front and rear surfaces of the substrate are mirror pol-
ished such that the thickness of the substrates is 400 to
450 mm. During the above processing, any defect such
as crack or chipping is not caused in the GaN crystal.
[0092] Then, after the GaN free-standing substrates
are obtained, the substrate 1 left is reused as the seeding
crystal by planarizing the surface thereof using a grinding
machine and mirror polishing it. The same manufacturing
method of the GaN free-standing substrate as described
above is conducted using the reused substrate 1. As a
result, obtained is the GaN free-standing substrate
whose quality is equivalent to that of the original substrate
1. Thereby, it is confirmed that the GaN substrate can be
repeatedly used as the substrate 1.
[0093] Although the embodiments and the Examples
have been described, the invention is not to be limited to
the embodiments and the Examples. The various kind of
modifications can be implemented without departing
from the gist of the invention.
[0094] Also, the invention is not to be limited to the
embodiments and the Examples. Further, it should be
noted that all combinations of the features described in
the embodiments and the Examples are not necessary
to solve the problems of the invention.

[Industrial Applicability]

[0095] A method for manufacturing a semiconductor
substrate can be provided that allows the manufacture
of the semiconductor substrate by slicing the epitaxial
grown group III nitride semiconductor single crystal while
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preventing growing the crack.

[Reference Signs List]

[0096]

1: SUBSTRATE
1p : PRINCIPAL PLANE
2: GROUP III NITRIDE SEMICONDUCTOR SIN-

GLE CRYSTAL
3: SOLID COLUMNAR REGION
3p: PLANE
4: HOLLOW CYLINDRICAL REGION
4p: FACET PLANE
5: SEMICONFUCTOR SUBSTRATE
6: CAVITY
10: GRINDSTONE
20: SINKER ELECTRIC DISCHARGE ELETRODES
30: PROTECTION FILM
40: HOLE SAW
50: HVPE GROWING MACHINE

Claims

1. A method for manufacturing a semiconductor sub-
strate, comprising:

epitaxially growing a columnar group III nitride
semiconductor single crystal on a principal
plane of a circular substrate;
removing a hollow cylindrical region at an outer
peripheral edge side of the group III nitride sem-
iconductor single crystal to leave a solid colum-
nar region at an inside of the hollow cylindrical
region of the group III nitride semiconductor sin-
gle crystal; and
slicing the solid columnar region after removing
the hollow cylindrical region,
wherein the removing of the hollow cylindrical
region is carried out such that a shape of the
group III nitride semiconductor single crystal al-
ways keeps an axial symmetry that a central axis
of the semiconductor crystal is defined as a sym-
metry axis.

2. The method according to claim 1, wherein the hollow
cylindrical region comprises a region that has a con-
centration of an impurity that is different from that in
the solid columnar region.

3. The method according to claim 1 or 2, wherein the
hollow cylindrical region comprises a region formed
by a crystal growth using a plane that has a different
orientation from an orientation in an upper surface
of the solid columnar region as a growth interface in
the epitaxial growth of the group III nitride semicon-
ductor single crystal.

4. The method according to claim 1 or 2, wherein the
hollow cylindrical region comprises a facet plane
having a plane orientation different from that in the
upper surface of the hollow cylindrical region.

5. The method according to claim 1 or 2, wherein the
removing of the hollow cylindrical region is carried
out such that a shape of the removed region is always
kept into a hollow cylindrical shape with a uniform
height.

6. The method according to claim 1 or 2, wherein the
removing of the hollow cylindrical region is carried
out by grinding using a grindstone, ultrasonic
processing, electric discharge processing, etching,
or laser processing.

7. The method according to claim 1 or 2, wherein the
group III nitride semiconductor single crystal is a gal-
lium nitride crystal.

8. The method according to claim 1 or 2, wherein an
upper surface of the solid columnar region is a c-
plane of the group III nitride semiconductor single
crystal.

9. The method according to claim 2, wherein the group
III nitride semiconductor single crystal is a gallium
nitride crystal epitaxially grown by HVPE method,
and the impurity is oxygen.

10. The method according to claim 1 or 2, wherein the
removing of the hollow cylindrical region is carried
out such that a region of the substrate just below the
hollow cylindrical region is not removed.

11. The method according to claim 10, wherein the prin-
cipal plane of the substrate is ground after slicing the
solid columnar region such that the substrate is re-
used as a seed crystal.

12. A method for manufacturing a semiconductor sub-
strate, comprising:

epitaxially growing a columnar group III nitride
semiconductor single crystal on a principal
plane of a circular substrate;
forming a cylindrical cavity in the group III nitride
semiconductor single crystal to separate the
group III nitride semiconductor single crystal into
a hollow cylindrical region at an outer peripheral
edge side of the group III nitride semiconductor
single crystal and a solid columnar region at an
inside of the hollow cylindrical region of the
group III nitride semiconductor single crystal;
and
slicing the solid columnar region after separating
the group III nitride semiconductor single crystal
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into the hollow cylindrical region and the solid
columnar region,
wherein the forming of the cavity is carried out
such that a shape of the group III nitride semi-
conductor single crystal always keeps an axial
symmetry that a central axis of the semiconduc-
tor crystal is defined as a symmetry axis.

13. The method according to claim 12, wherein the hol-
low cylindrical region comprises a region that has a
concentration of an impurity that is different from that
in the solid columnar region.

14. The method according to claim 12 or 13, wherein the
hollow cylindrical region comprises a region formed
by a crystal growth using a plane that has a different
orientation from an orientation in an upper surface
of the solid columnar region as a growth interface in
the epitaxial growth of the group III nitride semicon-
ductor single crystal.

15. The method according to claim 12 or 13, wherein the
hollow cylindrical region comprises a facet plane
having a plane orientation different from that in the
upper surface of the hollow cylindrical region.

16. The method according to claim 12 or 13, wherein the
removing of the hollow cylindrical region is carried
out such that a shape of the removed region is always
kept into a hollow cylindrical shape with a uniform
height.

17. The method according to claim 12 or 13, wherein the
removing of the hollow cylindrical region is carried
out by drilling using a hole saw, grinding using a
grindstone, ultrasonic processing, electric discharge
processing, or laser processing.

18. The method according to claim 12 or 13, wherein the
group III nitride semiconductor single crystal is a gal-
lium nitride crystal.

19. The method according to claim 12 or 13, wherein an
upper surface of the solid columnar region is a c-
plane of the group III nitride semiconductor single
crystal.

20. The method according to claim 13, wherein the group
III nitride semiconductor single crystal is a gallium
nitride crystal epitaxially grown by HVPE method,
and the impurity is oxygen.

21. The method according to claim 12 or 13, wherein the
hollow cylindrical region is removed before slicing
the solid columnar region.

22. The method according to claim 12 or 13, wherein the
solid columnar region is sliced along with the hollow

cylindrical region while the hollow cylindrical region
remains around the solid columnar region.

23. The method according to claim 12 or 13, wherein the
forming of the cavity is carried out such that a region
of the substrate just below the hollow cylindrical re-
gion is not removed.

24. The method according to claim 23, wherein the prin-
cipal plane of the substrate is ground after slicing the
solid columnar region such that the substrate is re-
used as a seed crystal.
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